Surgery for Aortic Stenosis in Elderly Patients
Background Aortic stenosis is the most common valvular lesion occurring among elderly patients and has become extremely frequent because of changing demographics in industrialized countries. Surgical risk after the age of 70 has increased. The increasing older age of patients having surgery justifies an analysis of mortality predictive factors.
Methods and Results Between 1976 and February 1993, we performed 2871 operations for aortic stenosis. This study concerns 675 patients (278 men and 397 women) who were 275 years old. Mean age was 78.5 +3 years. Associated lesions were found in 226 patients. A bioprosthesis was implanted in 632 patients (93.6%). Concomitant surgical procedures were performed in 133 patients. Surgical mortality was 12.4% (84 deaths). A longitudinal analysis has been carried out over four successive time periods to evaluate population evolution during these 17 years. Statistical analysis was performed on 46 variables. Multivariate analysis found age (P<.0001), left ventricular failure (P<.0001), lack of sinus rhythm (P<.01), and emergency status (P<.02) to be presurgical independent predictive factors of mortality.
Conclusions Risk-reducing strategy should both favor relatively early surgery to avoid cardiac failure and emergency situations and pay careful attention to the use of myocardial protection and cardiopulmonary bypass. Indications for surgery should remain broad since analysis failed to determine specific high-risk groups to be eliminated, and surgery remains the only treatment for aortic stenosis. (Circulation. 1994; 90: 2891 -2898 Key Words * aortic stenosis * valves * elderlymortality C hanging demographics in industrialized countries and the increasing incidence of aortic stenosis (AS) in higher age groups'-3 are transforming this cardiopathy into an extremely frequent lesion. Because it is generally recognized that surgical risk increases with age,4-10 we analyzed our experience to identify risk factors and select new criteria for better indications and decreased risk.
Methods
All patients more than 75 years old who underwent surgery for AS in our unit between August 1976, when this type of surgery was begun in such elderly patients, and February 1993 were included in this study. There were no exclusion criteria (concomitant diseases or surgical procedures). Among 
Surgical Data
Surgical data are listed in Tables 3 and 4 . Mechanical prostheses (43 patients, 6.4%) were implanted in particular reasons: repeated operation for altered bioprosthesis (one case) or small aortic annulus associated with calcified aortic root. Among concomitant surgical procedures, the most frequent were coronary artery bypass graft surgery (CABG) (79 patients), myotomy for subaortic septal hypertrophy (31 patients), and various procedures on the ascending aorta (30 patients). Table 4 describes myocardial protection techniques, CPB, and aortic cross-clamp duration as well as hemodynamic recovery at the end of CPB. 
Results
Overall surgical mortality was 12.4% (84 patients). Causes of death are listed in Table 5 . In most instances, Cerebrovascular stroke 5 6 Respiratory insufficiency 5 6 Renal insufficiency 3 4 Digestive and abdominal complications 1 1 13 Coagulation disorders 2 2 Surgical technique 4 5 Intensive care failure 2 2 Total 84 100
Gastrointestinal complications were the second leading cause of death (11 deaths, 13%), mostly mesenteric infarction.
Effect of Year of Surgery on Presurgical and Surgical Characteristics
The population (Table 6 ) was divided into four groups over the study period, and the number of patients operated on increased significantly over the years. Apart from the 1976 through 1980 period, which is nonsignificant because of the small number of patients (10 patients and 0 deaths), there was no significant variation in surgical mortality.
Preoperative data showed two opposite trends in relation to surgical risk. One was a relative improvement in cardiac status: New York Heart Association (NYHA) functional class, LVF and RVF, cardiothoracic ratio, and associated Al. The second was a regular increase in age (mean from 76.4 to 79 years, P<10` 7) and in incidence of associated diseases represented by the percentage of patients and penetration index (ratio of number of diseases to number of patients).
Left ventricular catheterization, coronary arteriography, and femoral retrograde route were not considered to be risk-free factors in these elderly patients. During the first years of this series, invasive investigations were performed selectively in patients showing clinical signs of coronary insufficiency. Since 1990, the routine use of coronary arteriography was adopted regardless of patient age. A total of 348 patients were studied; 239 (68.7%) presented with either normal arteries (165) or insignificant lesions (74). Among 109 patients (31.3%) with significant lesions (50% stenosis of the main trunk or 70% stenosis of the branches), CABG was performed in 79 patients (72.5%) and appeared to be impossible in 30 patients (27.5%) because of vessel thrombosis or poor run-off.
An increasing incidence in overall concomitant surgery was also observed. CPB and aortic cross-clamp times decreased, whereas postoperative bleeding increased.
Factors Determining Surgical Mortality
The variables found to be significant by univariate or multivariate analysis are given in Table 7 . Age was extremely significant compared with 2196 patients with AS who were <75 years old and were operated on during the same period (145 of 2196 deaths, 6.6%; P<.0001). In our overall series of 2871 cases, surgical mortality varied from 2.2% to 12.4% depending on the age group (Fig 2) During the time frame, the following variables were found to be nonsignificantly different: surgical -RV failure, cardiac rhythm, previous myocardial infarction, mitral insufficiency, tricuspid insufficiency, LV ejection fraction, and emergency; during surgery-mitral valve replacement; tricuspid annuloplasty, and ascending aorta surgery; and after surgery-low cardiac output, myocardial infarction, repeated operation for tamponade, sustained respiratory support, and renal failure. plasty, mitral valve replacement, or overall associated surgery.
Inversely, all of the postoperative variables-except for renal failure -were confirmed by multivariate analysis: low cardiac output, sustained respiratory support, myocardial infarction, and repeated operation for tamponade.
Discussion
The rewarding results of cardiac surgery on elderly patients over the past years has been responsible for the increasing development of geriatric cardiac surgery. [11] [12] [13] [14] We also experienced such changes (Fig 1) in our series of patients with AS, which was one of the largest reported. [15] [16] [17] [18] [19] [20] [21] [22] There is no reason to question the decision to perform surgery in more elderly patients, since medical treatment remains largely ineffective when AS becomes symptomatic23 and balloon dilatation does not provide successful results and cannot be retained as a truly competitive alternative. The result is that valve replacement is recognized as the sole curative treatment. 3 In some instances, the success of surgery has led to a discussion of prophylactic indications in symptomfree or mildly symptomatic patients who are candidates for another type of surgery (hip arthroplasty, etc). In accepting this change, we should ask whether there is a relative shift in indications. Are "lesser cardiac and older patients" operated on? If observed, such a shift in indications would not only reduce the duration and quality of surgical results but also increase the already high economic cost and result in an ethical discussion that is topical. Surgical technique brought to its extreme would reach its limit through a progressive decrease in its benefit.
We carried out this study to evaluate severity factors and avoid, if possible, high-risk patients to retain the best indications that would guarantee good results and tolerable risk. Statistical analysis has confirmed a heavy incidence of age.24-30 In our overall experience of 2871 patients with AS of all ages who were operated on during the same period (Fig 2) , risk was low (from 2.2% to 2.9%) at less than age 60, increased between age 60 and 70 (6.2%), and eventually leveled off after age 70 (11.2%). The studied series of 675 elderly patients with AS did not reveal any significant increase between age 75 and 90. A near-equal risk situation was reached after age 70.
Left ventricular dysfunction, functional class, emergency surgery, aortic regurgitation, and cardiomegaly were also found to be predictive risk factors. The logistic regression curve (Fig 3) displays the role of these factors when held concurrently. Risk reaches 40% when the five factors are combined. Lack of sinus rhythm is also considered as generally referring to an advanced An analysis of other intraoperative variables revealed that concomitant procedures had little or no effect; this was confirmed by the lack of a role for aortic crossclamp duration during CPB between the limits of 110 and 65 minutes. It is interesting to note that the date of surgery over the entire 17-year period did not influence surgical risk. Age increase as well as associated disease may have counterbalanced the progress achieved in surgical technique and postoperative care.
As mentioned, postoperative variables represent a recognition of poor prognosis more than they are truly predictive factors. They, however, underline the role of myocardial protection and surgical hemostasis since repeated surgery for tamponade is an important risk factor, and many have observed increased postoperative bleeding that is attributed to coagulation defect.
An analysis confirmed the severity of advanced cases with left-and right-side heart failure, although left ventricular dysfunction is not always considered a determining factor of surgical mortality,12'14'28 whereas it is generally accepted as a predictor of long-term outcome. Accordingly, left ventricular dysfunction should not be considered a contraindication to surgery.
In searching for the best surgical indications, we thought it would be interesting to retrospectively ana- consider it desirable to cross this limit due to the investment required and because we wanted to keep the treatment within "reasonable" limits.
Gastrointestinal complications, including mesenteric infarction (11 deaths, 13%), formed a second significant group of causes of death. The effect of associated low cardiac output and inotropic drugs must not be overlooked as they may aggravate mesenteric ischemia. Standard CPB at 28°C is questionable because hypothermia can reduce blood flow in the mesenteric area. A routine policy of hypothermia deserves to be challenged in favor of normothermia under the condition of adequate arterial pressure during CPB. appears at the bottom.
An analysis of risk factors proved that left ventricular dysfunction, lack of sinus rhythm, and emergency surgery are independent predictive factors of surgical mortality. However, there is no easy way to discern low-risk subgroups. Therefore, surgical indications must remain broad. Respiratory preparation, myocardial protection, and probably normothermic CPB are methods of improving prognosis as valvular replacement remains the only curative treatment for AS.
Appendix: Variables Entered Into the Analyses Before Surgery
Variables were sex, age (>80 or <75 years), NYHA class, LVF, RVF, cardiothoracic ratio, associated diseases, cardiac rhythm, left ventricular ejection fraction (angiography, echocardiography), coronary arteriography, coronary artery lesions, associated valve malfunctions (aortic insufficiency, mitral insufficiency, tricuspid insufficiency), duration of symptoms, angina, dyspnea, syncope, conduction disturbances (atrioventricular block, left bundle-branch block, right bundle-branch block), previous myocardial infarction, emergency surgery, preoperative intra-aortic balloon counterpulsation, and year of surgery.
During Surgery
Variables were duration of CPB and aortic cross-clamping, type of prosthesis, associated surgery (mitral valve replacement, tricuspid annuloplasty, CABG, ascending aorta, septal myectomy, and overall associated surgery), hemodynamic recovery after CPB, ABCP, and surgeon.
After Surgery
Variables were atrial and ventricular arrhythmias, conduction disturbances, low cardiac output, myocardial infarction, repeated operation (tamponade or hemorrhage), pacemaker insertion, blood loss, sustained respiratory support, intestinal hemorrhage, abdominal complications, and renal failure.
